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BIM for Facilities Management: a Framework and a Common Data 1 
Environment using Open Standards 2 
 3 
Abstract 4 
BIM for Facilities Management (BIM for FM) is a relatively new and growing topic of inquiry aiming to 5 
fulfil the informational needs of the operational phase of assets within increasingly digitalised project 6 
workflows. Research into the management of structured (i.e. graphical and non-graphical) and 7 
unstructured data (i.e. documents) has largely focused on design and construction phases. Information 8 
management in facilities management and maintenance is still challenged by the lack of a structured 9 
framework that can simultaneously fulfil these three capabilities: (1) the delivery of information 10 
models (i.e. Asset Information Models) from distributed data sources; (2) the validation of these 11 
information models against the requirements; and (3) the use of their information in facilities 12 
management (e.g. operation and maintenance).  This research aims to develop and test a framework 13 
and a prototype Common Data Environment (CDE) to achieve these three capabilities.  14 
The framework and the developed CDE are entirely based on use open standards and integration of 15 
existing technologies. A requirements model, underpinning the framework and the CDE was developed 16 
during three iterative stages of interviews –in line with the adopted Grounded Theory and Design 17 
Science Research methodologies – with industry experts and through a three-stage coding process at 18 
each iteration. The framework and the CDE were tested in pilot demonstrations with a use case 19 
focused on preventive and reactive maintenance. The testing demonstrated that the implementation 20 
of ‘BIM for FM’ processes is feasible with the proposed framework and CDE using only open standards 21 
and existing technologies. Some additional requirements for BIM for FM processes were also identified 22 
during the verification sessions with industry and are proposed for future research. 23 
Keywords: Asset Information Model, Asset Information Requirements, Building Information 24 
Modelling, Common Data Environment, Facilities Management, Maintenance.  25 
 26 
1 Introduction 27 
Accurate and reliable data is essential to operating and maintaining built assets efficiently (Atkin & 28 
Brooks, 2009). Data and information that is generated during planning, design and construction is key 29 
to accelerate handover and commissioning of built assets (Kassem et al., 2015). However, their 30 
handover is usually left until the completion of the construction phase, and typically unfolds in an 31 
unstructured way resulting in a labour intensive and error-prone process (Gallaher et al., 2004; Jang 32 
and Collinge, 2020). This also adds to the challenges of verification and validation of handed over 33 
information (Carbonari et al., 2015).   34 
BIM tools, workflows and their enabling standards provide the opportunity to efficiently manage data 35 
exchanges throughout the whole built asset life cycle, including the operational phase. BIM is the 36 
current expression of digital innovation in the construction sector (Succar & Kassem, 2015), and can 37 
be defined as a digital representation of physical and functional characteristics of a facility, forming a 38 
reliable basis for decisions during its life cycle, from earliest conception to demolition (NIBS, 2019).  39 
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To date, as evidenced by the review of existing studies, a solution that addresses the entire BIM for 40 
FM workflow from the definition of information requirements, through the development of the data 41 
container (i.e. Asset Information Model (AIM) – which represents the data and information 42 
deliverables produced to fulfil the specified facilities management requirements), to management of 43 
the data container and its use in operation, is lacking. This paper addresses this gap by proposing both 44 
a framework and a prototype (called Common Data Environment – CDE) for a holistic BIM for FM 45 
workflow addressing information specification, verification, and use.  46 
The paper is organised as follows: Section 2 analyses the state-of-the-art of BIM for FM studies, the 47 
relevant standards, and methods used for information verification. Section 3 presents the research 48 
methodology in detail. Section 4 explains the framework, the processes that underpinned its 49 
development, and its workflows. Section 5 describes the CDE implementation and demonstrates its 50 
application in pilot projects. Section 6 presents the results from the validation process of the 51 
framework and the CDE. Section 7 summarises the research contributions and limitations of the study, 52 
and finally section 8 presents the conclusions of the study. 53 
2 State-of-the-Art review 54 
This section analyses three areas that are related to the core of the proposed research. These include: 55 
(1) current BIM for FM academic studies; (2) existing standards that can be used to support the various 56 
processes involved in a BIM for FM workflow, and in particular standards for requirements definition 57 
and management of data deliverables (i.e. AIM); and (3) compliance checking methods, that can be 58 
adopted to ensure the data quality during the development of AIMs.  59 
2.1 BIM for FM: Related studies 60 
BIM can be used by building owners and facilities managers as an information source to support the 61 
planning and management of building maintenance activities in both new and existing buildings (Volk 62 
et al., 2014). BIM tools and workflows are providing opportunities for integrating the operational phase 63 
of built assets with upstream project phases (Patacas et al., 2015). This integration requires adequate 64 
workflows, tools and standards to be implemented in order to enable the definition, delivery and 65 
management of the information needed for facilities management (Eastman et al., 2011). The 66 
potential use of BIM in FM applications was realised from the early stages of the development of the 67 
Industry Foundation Classes (IFC) standard. Studies proposing open BIM data models to enable 68 
information sharing among computer applications including facilities management applications go 69 
back to the early 2000s. Yu et al., (2000) proposed a data model for facilities (i.e. facilities management 70 
core model) that included a mapping between IFC and the facilities management domain 71 
requirements. In addition to the need for adequate tools, workflows and standards, one of the key 72 
challenges facing integration of facilities management into upstream project phases is the need for 73 
flexibility to support different use cases depending on project and user roles (Kang & Choi, 2013).  74 
Traditionally, FM data and information are organised and maintained in dispersed information systems 75 
such as Computerised Maintenance Management Systems (CMMS), Electronic Document 76 
Management Systems (EDMS), Building Automation Systems (BAS), etc. The information and data 77 
required for such systems comes from different sources, is created and manipulated several times 78 
during the assets life cycle, and is usually not synchronised between systems, resulting in error-prone 79 
processes (Becerik-Gerber et al., 2012). Korpela et al., (2015) highlighted the challenges in the 80 
integration of several IT systems used for the maintenance of the Center for Properties and Facilities 81 
of the University of Helsinki, and how BIM could help address these challenges. The authors proposed 82 
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that only a subset of BIM data (i.e. a simplified BIM model) is needed for FM and maintenance, and 83 
that the definition of such data requirements is essential for the successful integration of various FM 84 
and maintenance systems.  85 
Carbonari et al., (2015) proposed a simplified remodelling process for existing facilities considering the 86 
facility management strategy. Pishdad-Bozorgi et al., (2018) proposed the development of building 87 
information models containing FM data required for FM tasks such as space analysis, retrofitting, and 88 
preventive maintenance, and applied their approach in the context of an existing building in the higher 89 
education sector. Lin et al., (2016) proposed the development of a BIM execution plan to support 90 
building owners during the operational phase of buildings. The application of the proposed BIM 91 
execution plan in a case study highlighted how BIM can improve the maintenance management 92 
procedure. Motamedi et al., (2014) integrated Computerised Maintenance Management Systems 93 
(CMMS) data with BIM visualisation capabilities to enhance the detection of failure root causes in FM. 94 
Rasys et al., (2014) proposed an information integration framework for the management of civil and 95 
Oil & Gas facilities in which Web3D technology is used for integrating and visualising assets’ 3D 96 
components and their linked FM data using class libraries. Parn & Edwards, (2017) proposed a bespoke 97 
application programming interface (API) for the integration of COBie data with semantic FM data 98 
including 3D visualisation capabilities in a design authoring application – Autodesk Revit.  99 
The use of BIM spatial relations for visualisation and analyses of facilities data were also applied in the 100 
planning of maintenance activities and repair works in buildings (Akcamete et al., 2010). Lin & Su, 101 
(2013) developed an information integration system for BIM and FM and maintenance data to enable 102 
maintenance workers to access, review and update BIM models and their related maintenance 103 
records. Shi et al., (2016) developed a multi-user virtual environment based on BIM models to enable 104 
communication and collaboration to support FM tasks. Similar approaches have been proposed using 105 
a game engine for the integration of BIM models with FM data to enable planning of FM and 106 
maintenance tasks (Lee et al., 2016; Carreira et al., 2018). More recently, El Ammari & Hammad, (2019) 107 
proposed the integration of various sources of facilities information and BIM models through a mixed 108 
reality approach to support maintenance workers in carrying out inspection and maintenance 109 
operations on site, and provide remote collaboration with FM office staff.  110 
The integration of BIM and Internet of Things has also been highlighted as a fundamental requirement 111 
to manage smart buildings (Panteli et al., 2020; Tang et al., 2020). To this end, Tang et al., (2020) 112 
developed a Building Automation and Control Networks (BACnet) Model View Definition (MVD) to 113 
represent Building Automation Systems (BAS) information in IFC models, enabling its exchange 114 
throughout various project development stages using BIM tools.  115 
Semantic web approaches have recently been proposed to achieve the integration of BIM and FM. Kim 116 
et al., (2018) proposed an ontology to manage BIM-based FM information by linking the BIM-based 117 
building elements to historical work records in a FM system database. Other integration approaches 118 
for BIM and FM data have been proposed recently, focusing on the integration of mechanical, electrical 119 
and plumbing (MEP) data from as-built BIM models with maintenance data to run routine operation 120 
and maintenance (O&M) tasks and respond to MEP-related emergencies (Hu et al., 2018). A similar 121 
approach was also used to enable the automatic scheduling of facility maintenance work orders (Chen 122 
et al., 2018). The development of AIMs using BIM standards has also been applied to infrastructure 123 
asset management. Edmondson et al., (2018) developed a prototype for a Smart Sewer AIM which 124 
integrated IFC models with distributed smart sensors, enabling real-time monitoring and reporting of 125 
sewer asset performance. Chen et al., (2020) developed a facility management system based on BIM 126 
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for highway tunnels and highlighted the data integration challenges and their impact on productivity 127 
through the development of a pilot study. 128 
Interoperability challenges and unclear requirements definitions have been pointed out as the key 129 
issues that are hindering the increased adoption of BIM for FM (Gao & Pishdad-Bozorgi, 2019; Jang & 130 
Collinge, 2020). The use of open standards can help address these issues; their critical role stems from 131 
the lengthy lifespan of the operational phase which requires long-term storage and management of 132 
data for built assets (Patacas et al., 2015). Open standards can be used to structure data requirements 133 
for the operational phase so they can be collected and verified during the project development, and 134 
to manage the data throughout the built asset life cycle. The PAS 1192-3: 2013 defines an Asset 135 
Information Model (AIM) as a model that compiles the structured (i.e. graphical and non-graphical) 136 
and unstructured (i.e. documents) data necessary to support asset management, and proposes the 137 
use of open standards and data specifications (e.g. IFC, COBie) for the definition of the AIM and for its 138 
interface with existing enterprise systems (BSI, 2014b). Open standards also ensure that the 139 
compliance checking procedures will be applicable in the long term, which is of interest for building 140 
owners and facility managers, when considering the lengthy lifespan of built assets.   141 
This review provides evidence of the increased interest in BIM for FM studies, and the growing role of 142 
BIM technologies and open standards in BIM for FM processes. This focus on BIM for FM is also 143 
accompanied by significant initiatives at industry-wide level developing the supporting standards (IFC 144 
and COBie) and requiring the adoption of the corresponding BIM uses and standards in facilities 145 
management. Additionally, there is a lack of studies that systematically investigate whether and how 146 
standards can be adopted as sources of data in BIM for FM workflow including specification of 147 
information for facilities management, validation of data and information deliverables, use and 148 
management of data in facilities management. As this research intends to fills this gap, the next two 149 
sub-sections respectively analyse the relevant open standards in relation to their ability of enabling 150 
the definition of an AIM’s structured and unstructured information; and the role of compliance 151 
checking methods in ensuring the quality of data included in the AIM. 152 
2.2 Standards for AIM data sources 153 
Industry Foundation Classes (IFC) 154 
IFC is an open data model, developed by buildingSMART, that describes architectural, building and 155 
construction industry data. It was developed to address interoperability when exchanging data and 156 
information among disciplines involved in the delivery of built assets. The IFC schema was defined as 157 
an EXPRESS schema within ISO 10303 - Standard for the Exchange of Product model data (STEP), and 158 
it is now available in EXPRESS, XSD and OWL to allow its representation in STEP Physical File Format 159 
(SPFF), eXtensible Markup Language (XML), and the Resource Description Framework (RDF) 160 
respectively (Pauwels et al., 2017). IFC is registered with ISO 16739:2018, which specifies the EXPRESS 161 
and XML data schema definitions (ISO, 2018). A JSON schema was recently proposed to streamline IFC 162 
data exchanges over the web (Afsari et al., 2017). The suitability and ability of IFC to support the 163 
structured (i.e. graphical and non-graphical) data requirements of Asset Information Models was 164 
tested in Patacas et al., (2015).  165 
Construction Operations Building Information Exchange (COBie) 166 
COBie is used to provide an organised structure for the exchange of information about built assets 167 
throughout the life cycle of facilities (NIBS, 2015). The IFC Facilities Handover model view definition 168 
specifies COBie as a subset of IFC data. The NBIMS-US V3 standard describes various COBie use cases, 169 
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related to data access, reusability, and data validation. The standard defines various business 170 
processes and highlights how these benefits can be achieved through the use of COBie (NIBS, 2015). 171 
COBie was selected as the format for specifying and handing over data for the operational phase of 172 
assets in the UK BIM framework. The use of standard product data templates through initiatives such 173 
as Life-Cycle information exchange (LCie), Specifiers' Properties information exchange (SPie) and 174 
industry initiatives such as Product Data Templates (PDTs) can also streamline the delivery of facility 175 
asset data if they are widely accepted and adopted (NIBS, 2015; CIBSE, 2016). The BS 1192-4: 2014 176 
standard was defined to provide guidance on the use of COBie in the UK context, including the transfer 177 
of structured information, between project parties, about buildings and infrastructure to fulfil the 178 
building owner (or employer) information requirements (BSI, 2014a). The suitability and ability of 179 
COBie to support the structured (i.e. graphical and non-graphical) data requirements of Asset 180 
Information Models was tested in Patacas et al., (2015). 181 
Content Management Interoperability Services (CMIS) 182 
CMIS is an OASIS standard that supports content and information sharing between different content 183 
management systems (OASIS, 2016). Content repositories manage unstructured data sources including 184 
documents, images, videos, etc. CMIS was developed with the objective of managing unstructured 185 
data sources through the use of metadata, as well as enabling access and exchange of data between 186 
different content repositories. This is achieved by standardising repository access, data storage, 187 
retrieval, and search operations. CMIS also provides a SQL-based query language to query content 188 
through its metadata (Caruana et al., 2010). Interoperability with CMIS allows the reusability of 189 
content models across various content management systems, as well as the integration of content 190 
management systems with other systems (OASIS, 2016). Using CMIS, developers can create bespoke 191 
software applications and web services for specific use cases that will work across various CMIS-192 
compliant repositories (Müller et al., 2013). Due to this flexibility, CMIS was considered a requirement 193 
in the development of the CDE for AIM, both for the structuring of data requirements as metadata, 194 
and as a standardised communication protocol between the different tools in the CDE. 195 
2.3 Compliance checking for built assets digital data 196 
The increased availability of semantically rich building information models and the growing capabilities 197 
of expressing projects requirements into machine computable formats have led to a surge in research 198 
into requirements validation and compliance checking methodologies. Challenges to ensure the 199 
quality of information in the development of BIM for FM applications have been recognised in recent 200 
studies that are increasingly focussing on quality assurance approaches for the preparation of FM-BIM 201 
data sets (Yang & Ergan, 2017; Zadeh et al., 2017; Motamedi et al., 2018). 202 
A variety of compliance checking tools and methodologies exist nowadays focusing on providing 203 
compliance checking of project information against different types of requirements. However, 204 
research efforts in this area remain fragmented and a holistic approach to address validation and 205 
compliance checking problems in the construction industry is still lacking (Hjelseth, 2016; Solihin et al., 206 
2017). 207 
Rule checking approaches for validating data requirements have mostly focused on code checking for 208 
building regulations. Several research projects were carried out in this area, including the CORENET 209 
project, the HITOS project by Norwegian Statsbygg, the Australian Building Codes Board, and the 210 
Smartcodes project from the US International Code Council (Eastman et al., 2009; Nawari, 2012). More 211 
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specialised compliance checking approaches such as client’s requirements validation and 212 
requirements for specific building types are also emerging (Solihin & Eastman, 2015).  213 
The general process for rule checking consists of the following steps (Eastman et al., 2009; Pauwels et 214 
al., 2011; Solihin & Eastman, 2015): 215 
• rule interpretation and translation into machine computable format; 216 
• information model preparation, where the necessary information requirements for 217 
compliance checking are specified in the form of a model view;  218 
• execution of rules against the information models;  219 
• reporting of the rule execution results, including setting up procedures for automatically 220 
correcting rule execution failures. 221 
With the proposed framework for the development of AIMs, rule checking approaches can provide the 222 
validation of structured (i.e. graphical and non-graphical) and unstructured (i.e. documents) data 223 
contents against structured Asset Information Requirements (AIR) throughout the life cycle of built 224 
assets.  225 
Solihin & Eastman (2015), Hjelseth (2016) and Solihin et al.  (2017) have proposed frameworks for the 226 
classification of automated compliance checking research efforts. An overview of data validation and 227 
compliance checking methods and tools is presented in Table 1. 228 
Table 1. Overview of components of automated rule systems – adapted from Solihin et al. (2017) 229 
Translation methods Rule computable formats Rule execution environments Enhanced Data 
Models 




EDM - Jotne FORNAX Objects 









BPMN BIMserver XML (RASE) 
 
  mvdXML IfcDoc ifcOWL 
  SmartCodes Rule engines 
(e.g. DROOLS) 
  
  Scripts BIMRL Data 
requirements 
BIMserver 
  RKM / RKQL Solibri Model 
Checker 
  CDP IfcDoc 
  BERA   
  SPARQL-SPIN 
  SWRL 
  VCCL 
 
 230 
Numerous approaches are being explored to provide compliance checking of digital data sources, 231 
however; existing efforts remain isolated, attempting either to provide solutions for automated 232 
compliance checking of building data for very specific use cases (e.g. structural regulatory 233 
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requirements), or to highlight the need for standardisation of the compliance checking process 234 
(Dimyadi et al., 2016).    235 
Conventional rule checking systems typically follow a hard-coded implementation approach. In these 236 
systems, regulatory knowledge is embedded in the software code, which makes it difficult for domain 237 
experts to edit and customise the rules (Dimyadi et al., 2016). Furthermore, since the majority of these 238 
systems are proprietary, it is not possible to verify the correctness of the implementation of the rules.  239 
Approaches for automated compliance checking against data models, namely IFC, are also using 240 
semantic web standards and technologies. There are several advantages in using semantic data models 241 
for compliance checking purposes. Semantic web technologies support both the representation of 242 
data models, as well as the representation of the rules, which enables the development of logic-based 243 
approaches for compliance checking. The logic-based structure of semantic web languages enables 244 
their reuse in different rule checking environments, enabling modularity and flexibility in their 245 
implementation (Pauwels et al., 2011). Semantic web technologies can also be used to represent any 246 
data model, and they can be used to validate data from several different sources. They can be used to 247 
represent the various data sources that are used in Asset Information Models, and perform automated 248 
compliance checking of these data sources. However there are still various challenges regarding the 249 
management of linked data sources, e.g. ifcOWL is not suited to handle large models efficiently (Krijnen 250 
& Beetz, 2020). A set ontologies, focusing on specific building data domains, are currently being 251 
developed by the W3C Linked Building Data Community Group to address these challenges (W3C, 252 
2020). 253 
Existing approaches for the validation of building data, which are generally focused on the compliance 254 
of information models against design requirements and regulations during the design development 255 
phase, are facing different challenges. A particular challenge is the translation of rules and regulations 256 
into machine readable format is not fully achievable, and novel methods such as Natural Language 257 
Processing (NLP) cannot fully automate this process (Solihin et al., 2017; Zhang & El-Gohary, 2017). 258 
Compliance checking approaches require further investigation to understand their applicability and 259 
suitability in the process of definition and validation of FM requirements within a BIM workflow. This 260 
research contributes to this area by proposing a methodology for data validation that considers the 261 
several data sources involved in the development of AIMs.  262 
3 Research Methodology   263 
To develop and validate the framework and the CDE prototype, this research combines the design 264 
science research and the grounded theory methodologies. The combination of the two ensures rigour 265 
across the research steps of problem definition, artefact development, demonstration and validation. 266 
The design science research methodology guides the overall development of the proposed framework 267 
and the CDE for its ability to embrace ‘artefact’ (i.e. framework and CDE) creation and improve it 268 
through its iterations. The grounded theory method helps to achieve an improved identification of the 269 
requirements for the proposed framework and CDE, and perform the process of verifying their internal 270 
validity.  271 
The research methodology is illustrated in Figure 1.  Using the design science research model proposed 272 
by Peffers et al., (2007), the entry point for this study is Stage 1: problem identification and motivation.  273 
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The research process started with the identification of the research problem related to the integration 274 
of the operational phase of built assets with upstream project delivery, as explained in the Introduction 275 
section. Then, an understanding of the practices and issues in information and data management was 276 
needed and was fulfilled in part by the review of the state-of-the-art (Section 2) and in part through 277 
the three interactions with 15 industry experts (Figure 2).  278 
The first interaction with four industry experts aimed to capture the requirements of the framework 279 
and the CDE. This was achieved by conducting semi-structured interviews. An interview guide was 280 
developed in advance with 12 questions, divided in four themes: benefits and challenges of BIM 281 
implementation in facilities management; maintenance and facilities management data requirements; 282 
data validation; and IT support for building maintenance. These themes were developed from the 283 
extensive literature review and the knowledge of open standards. The coding of the information 284 
obtained from the interviews and their use in the development of the proposed framework is 285 
described in Section 4.  286 
Following the requirements capture, the framework was developed and instantiated through the 287 
implementation of the CDE. The CDE prototype was tested in a technical demonstration using three 288 
pilot projects. These pilot projects were used in live demonstrations with industry experts during two 289 
validation rounds with 11 experts. The first validation stage with five experts identified some gaps and 290 
was used to refine the framework and update the CDE. Once the identified gaps and update had been 291 
addressed, the second validation stage with the involvement of six experts was performed for the final 292 
verification of the framework and the CDE prototype, focusing on the functionalities of the framework 293 
and the usability of the prototype.  294 
The two validation stages were supported with open-ended interviews. This was necessary to guide 295 
the discussions according to each participant’s field of expertise, and to obtain specific feedback on 296 
each of the framework and CDE functionalities. The validation helped identifying the gaps in the 297 
framework and the CDE’s functionalities by reaching ‘theoretical saturation’, i.e., no new or relevant 298 
data emerge regarding a category; categories are well developed in terms of their properties and 299 
dimensions; and the relationships among categories are well established and validated (Corbin & 300 
Strauss, 2014). 301 
The experts involved across requirements gathering and the two validation stages are from assets 302 
owning and facility management organisations, design and contracting organisations, engineering 303 
professional services organisation, digital construction and information management organisations, 304 
commissioning and completion organisations, and specialised software engineering organisations. 305 
Their different roles allow the identification of different requirements from each of their respective 306 
fields. The profile of participants and their organisations, involved in the requirements capture, and 307 
validation stages 1 and 2, are summarised in Table 2 and Table 3, respectively.  308 
The details of the pilot projects and the demonstrations steps and outcomes are described in Section 309 
5.   310 
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Figure 2. Requirements development strategy 316 
 317 
Table 2. Requirements gathering: profile of participants 318 
Expert 
Code 
Background/Role Organisation Experience (Years) 
A Director responsible for 
operation of a large portfolio of 
assets in London 
Major asset owner and manager   12 
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B Director in a digital/BIM 
consultancy company  
Leading digital and BIM for FM 
consultancy 
10 
C Designer specialised in buildings 
renovation 
Major design and engineering 
organisation  
12 
D Expert and researcher in 
Facilities management 
Higher Education 20 
 319 
Table 3. Validation stages 1 and 2: profile of participants 320 
Expert 
Code 
Background/Role Organisation type/profile Experience (Years) 
Validation Stage 1 
E Director in a digital/BIM consultancy 
company 
Consultancy specialised in 
information management 
10 
F Software Developer, and 
Commissioning and Completions 
Coordinator for oil and gas projects 
Leading Engineering Consultancy 
for information management in the 
process sector 
12 
G Expert/researcher in Linked Data 
applications for BIM 
Software development and Linked 
Data Consultancy 
12 
H Researcher in BIM and Energy 
Management 
Higher Education 10 
I Researcher in Construction 
management 
Higher Education 8 
Validation Stage 2 
J Director and expert in Building 
Services Engineering 
Expert provider of design and 
consultancy services in the field of 
Building Services Engineering 
20 
K BIM Manager and specialist in 
building services projects 
Information management for 
Building Services Engineering 
projects 
18 
L Director in a BIM consultancy Digital and BIM for Facilities 
management consultancy 
10 
M Software Engineer specialised in BIM 
for FM application 
Digital and BIM for Facilities 
management consultancy 
3 
N BIM manager and expert in energy, 
environment, high rise and 
healthcare projects 
Multidisciplinary leading 
professional services firms 
13 
O Digital Construction Specialist in 
road, rail, and nuclear projects.  




4 A framework for the development and management of AIMs 322 
Various data standards and specifications have been identified in Section 2 for possible use in the 323 
development of AIMs due to their ability to support the structured definition of information 324 
requirements for facilities management, which can also facilitate the validation of the AIM’s 325 
deliverables against the requirements. The PAS 1192-3 2014 acknowledges the need to use different 326 
data sources and IT systems in BIM for FM, and introduces concepts such as the AIM and AIR to help 327 
in establishing requirements for information management in the BIM for FM workflow. However, the 328 
Patacas, J., Dawood, N. and Kassem, M. (2020) ‘BIM for facilities management: A framework and a 





definition and development of standards, tools and implementation details needed for the 329 
development and management of AIMs are out of scope of the PAS 1192-3 2014. 330 
In this section, a framework for the development and management of AIMs is introduced. The 331 
framework’s requirements and processes are explained in detail. The framework provides processes 332 
for establishing structured requirements for facilities management, developing the AIM throughout 333 
asset life cycle (project development phases and operational phase), and validating various AIM 334 
sources against the requirements. The framework was implemented into a web-based BIM for FM CDE.  335 
The data from the three rounds of semi-structured and unstructured interviews with experts from 336 
industry and academia was transcribed and analysed using the Grounded Theory (GT) approach, 337 
proposed by Corbin & Strauss, (2014). Coding was used as the core process to both assimilate the data 338 
and achieve the required conceptualisation of data by identifying the links between data and theory. 339 
Codes are not predefined, instead they emerge from the analysis of the qualitative data and provide 340 
an abstract view of the data (Charmaz, 2006; Holton, 2007). To develop the provisional requirements 341 
model for the development of the framework and CDE, illustrated in Figure 3, the coding process 342 
adopted to analyse the interview transcripts involved three stages.   343 
• Open coding: consists of two coding stages - initial coding, and focused coding. Initial coding is a 344 
line-by-line or incident-by-incident analysis of the interviews’ transcripts. Focused coding 345 
examines the initial codes and merges similar codes into categories (Charmaz, 2006). Table 4 shows 346 
an extract of initial coding for one focused codes, - ‘Standards’. This process is undertaken for each 347 
of the focused codes in Table 5. 348 
Table 4. Initial codes for the ‘Standards’ focused code – a small extract 349 
Initial code Supporting quote Expert 
code 
Using standards 
for PPM and H&S 
"Some of the critical standards for maintenance management are: 
SFG20, H&S compliance standards (asbestos register, legionella, 
etc…)" 
B 
Issues from the use 
of different local 
standards 
"Each country will have their own system. I’ve been working with 
the Swiss BIM library where we’ve been looking at how they 
could manage FM criteria for the assets and they’ve looked at 
COBie/ IFC, the norms for Austria, the DIN specs from Germany 
and they’re so different that it’s not feasible to define all the 
criteria for a BIM object." 
D 
FM engagement 
from start of 
projects 
"If you’re writing a contract with a BIM methodology in mind, you 
should make sure to refer to BS 8536, which helps to ensure that 




Table 5. Relation between focused codes and supporting quotes 352 
Focused codes Expert codes Frequency 
  A B C D   
Challenges in BIM for FM x x x 
 
5 
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Expected benefits of BIM for FM 
 
x x x 8 
FM & maintenance requirements x x x x 15 
Handover 
  
x x 4 
Interoperability x x 
 
x 3 
IT tools requirements x x x x 22 
Owner requirements management x x x x 17 
Standards x x 
 
x 6 






Visualisation   x x x 6 
 353 
• Axial coding: identify the relationships between the categories identified at the previous stage, and 354 
describe them by specifying their properties and dimensions. Axial Coding provides the initial steps 355 
in defining the major categories in the study (Charmaz, 2006; Corbin & Strauss, 2014). Table 6 356 
shows an extract for one category, the ‘Owner’s requirements’. This process is undertaken for each 357 
of the categories identified. 358 
 359 
Table 6. A small extract showing axial coding for ‘Owner’s requirements’ 360 
category description 
Classification Use of a classification system is essential to manage the wide variety of data needed 
for the AIM (D). 
Existing CAFM/IMMS tools already use a classification system, the owner should 
specify this as a requirement in the EIR (B).  
Handover BIM is not being used to its full potential at the handover phase, currently its 
application is mostly focused on the design and construction phases (C,D). 
The use of BIM object libraries compliant with local building regulations could improve 
the handover of data to CAFM/IWMS systems, and improve the maintenance planning 
process (C,D). 
There are data management challenges in handover of non-BIM data because the 
handover process varies from project to project, according to what’s defined in the 
project specification requirements (D).  
FM & maintenance 
requirements 
There are currently several challenges regarding the availability of data needed for 
maintenance purposes. Current CAFM/IWMS tools already support the data 
requirements for FM and maintenance (B). FM data can be used as an input for new 
build and refurbishment/renewal projects. 
As a result of inexistent or inadequate data, most maintenance contracts end up 
focusing on reactive maintenance approaches. While information needed for FM and 
maintenance tasks is typically available, it is usually provided in unstructured format 
(D). It is up to the owners and facility managers to define the format and content of 
the data that they require using a methodology such as the EIR. This way it will be 
possible to manage the data using e.g. CAFM/IWMS tools, since these tools already 
support this data (B,D).  
 361 
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• Selective coding: consists in identifying the core category that emerges from the collected data, 362 
and systematically relating it to the other categories (O’Connor, 2012). 363 
Following this coding approach, the key concepts or categories, their domains and relationships were 364 
identified and assimilated in the provisional requirements model (Figure 3). The requirements model 365 
outlines the relationship between the core category (i.e. Asset Information Model) and the other four 366 
identified main categories: owner requirements definition; owner requirements validation; CDE; and 367 
benefits and challenges of BIM implementation in FM. 368 
Supporting the owner in the definition of requirements, and the management and validation of 369 
information deliverables against these requirements was identified as one of the core requirements. 370 
It is important to ensure that the AIM produced can be effectively used in the operational phase of 371 
built assets. The structured definition of requirements for the operational phase of facilities, with input 372 
from designers, contractors and facility managers or building owners, was also recognised for its 373 
importance in maximising the performance of built assets for the owner and occupants. The use of 374 
open standards such as IFC and COBie for the organisation of information for facilities management 375 
tasks, was also considered given the multitude of technological systems used across the long lifespan 376 
of built assets. These key capabilities for the proposed framework are summarised as follows: 377 
• Structured identification and organisation of facilities management requirements in the form 378 
of AIR; 379 
• Use of suitable open data standards and specifications for the AIM; 380 
• Validation of deliverables produced for the AIM against the AIR throughout the built asset life 381 
cycle;  382 
• Development of the AIM by either integrating or linking its ‘distributed’ information 383 
deliverables; and 384 
• Utilisation of the AIM at the operational phase (e.g. AIM visualisation, use of AIM in 385 
maintenance planning, service life planning, etc.) of built assets. 386 
 387 
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  388 
Figure 3. Provisional requirements model for the development of the framework and CDE 389 
 390 
4.1 Framework processes 391 
A framework is proposed to fulfil the requirements and functionalities explained in the previous 392 
section. Processes are developed for definition of AIR, and the production and validation of the AIM. 393 
The definition of AIR and the validation of AIM data sources rely on the use of open standards, in order 394 
to allow their implementation throughout the life cycle of the built assets, and ensure their continued 395 
use in future. The proposed framework consists of four key functions (Figure 4). 396 
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Figure 4. IDEF0 diagram of the proposed framework 398 
Asset Information Requirements (AIR) definition 399 
The AIR specifies the information requirements for all the disciplines involved in the development of 400 
the project, and the management of assets. An accurate specification of AIR is essential to ensure that 401 
the owner’s needs are fulfilled throughout the design, construction, operation and demolition of built 402 
assets.  403 
AIR definition is coordinated by the owner, or their information manager at the project outset, and it 404 
requires the input from designers and facilities managers. Project actors from these disciplines help 405 
determine the information requirements that are needed to manage the facility during the operational 406 
stage. If there are changes in the owner’s requirements, these should be communicated to the other 407 
actors using the Common Data Environment. 408 
In this framework, the IDM methodology (ISO, 2016) is used to structure the definition of AIR. It 409 
addresses the structured (i.e. graphical and non-graphical) and unstructured (i.e. documents) data 410 
sources included in the AIM, and ensures that the information deliverables produced as part of the 411 
AIM can be checked against the AIR. IDM is selected because it is independent from the project and 412 
data schema, and hence can be reused in different contexts and across different data models, other 413 
than IFC and COBie. The data needed for the AIM that is out of scope of IFC/COBie, such as documents 414 
sources and other FM data sources, can also be supported. The client can compile the AIM data at the 415 
handover stage and continually update it throughout the built asset life cycle to support various FM 416 
and maintenance tasks. Figure 5 summarises the collaborative definition of the AIR. 417 
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Figure 5. Process map to support the collaborative definition of AIR  419 
 420 
AIM data sources 421 
Data needed for facility management and maintenance tasks can be found in several different sources, 422 
systems and formats. Due to the amount and variety of such data (e.g. drawings and information 423 
models, operation and maintenance (O&M) manuals, building management systems data, health and 424 
safety (H&S) files, facilities management data, etc.), the adoption and use of a single central model or 425 
database is not a practical solution. In Section 2.2, the different open standards that support the 426 
development of the AIM using data from distributed data sources have been identified and discussed. 427 
These standards will not only enable the development of the AIM but will also support its use during 428 
the operational phase.  429 
Structured project data (i.e. graphical and non-graphical data) can be provided through the use of IFC 430 
and COBie. The requirements for digital documents including O&M data such as H&S files and O&M 431 
manuals can be provided using a CMIS compliant EDMS. Facilities management data is managed in a 432 
CDE consisting of several connected repositories enabled by web-service standards. Additional data 433 
sources can also be integrated if they are available via standard web-service interfaces. The process 434 
for the identification of AIM data sources is summarised in Figure 6. 435 
 436 
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Figure 6. IDEF0 diagram to support the identification of AIM data sources 438 
AIR validation 439 
The validation of owner’s requirements is central to the proposed framework. This process follows the 440 
general rule checking sequence previously outlined in Section 2.3. In the proposed framework, the AIR 441 
is translated into rule executable format, and semantic web query approaches are adopted for the 442 
execution of rules against structured (i.e. graphical and non-graphical) and unstructured (i.e. 443 
documents) data sources of the AIM.  444 
Business Rules from the IDM methodology were adopted for the definition of rules. Business Rules are 445 
established to support specific AIR defined in Exchange Requirements and Exchange Requirement 446 
Models. Exchange Requirements, which are schema-independent, can be used to support AIR in FM, 447 
EDMS, and other systems, and are used as the basis for the definition of Exchange Requirement 448 
Models. 449 
The definition of Exchange Requirement Models provides a structured approach that is particularly 450 
suited for the validation of IFC and COBie deliverables. BIMserver, which is used to manage structured 451 
(graphical and non-graphical) data in the CDE, can be used for the definition of internal service plugins 452 
to execute rules against IFC and COBie models and attach the execution results as extended data in a 453 
new revision of the model. This enables changes to be tracked throughout the submission process of 454 
IFC/COBie deliverables. This approach can also be used to check data from external sources, such as 455 
CMIS-compliant repositories, since these can be accessed using their respective web APIs. 456 
The proposed validation process should be performed at key stages during the project development, 457 
at the handover stage, and during the operational phase. For example, it can be performed every time 458 
an information deliverable is produced for the AIM and to validate the key information exchanges 459 
defined in the AIR. Once the various sources of AIM have been validated, the AIM can be developed in 460 
the CDE for Facilities Management. This process is summarised in Figure 7. 461 
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Figure 7. IDEF0 diagram for AIM validation 463 
5 Common Data Environment: development and demonstration  464 
The proposed framework was instantiated through the development of a Common Data Environment 465 
(CDE) that can be used for the development, validation and visualisation of AIMs. In this research, the 466 
use case considered at the operational phase is the generation of reactive and preventive maintenance 467 
(RM and PM) tasks. Hence, the demonstration will show how the CDE enables the definition of 468 
maintenance requirements, their validation, and usage for the automated generation of reactive and 469 
preventive maintenance tasks. An existing information model, called the ‘Clinic’ model, was used for 470 
the purpose of testing as it provides a comprehensive data set, including structured (i.e. IFC, COBie, 471 
and Autodesk Revit models) as well as unstructured data (i.e. handover documentation data including 472 
operation and maintenance manuals) (East, 2019).  473 
 474 
5.1 CDE implementation 475 
The CDE (Figure 9) provides the following capabilities: 476 
• AIR validation: where structured (i.e. graphical and non-graphical) and unstructured (i.e. 477 
documents) data sources are validated against the AIR; 478 
• Linking structured and unstructured data sources of the AIM: to provide access and 479 
management of the information models, data and documents in the FM environment; 480 
• Definition of preventive and reactive maintenance tasks: using the information within the AIM 481 
to automate the definition of PM and RM tasks in the FM environment; and 482 
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• Visualisation of the AIM. 483 
 484 
Figure 8 – CDE workflow 485 
A FM platform, called Openmaint, which is based on an object-relational database model (PostgreSQL), 486 
was selected to host the FM and maintenance data of the AIM. Openmaint enables importing and 487 
linking data from several sources into the facility management environment through its web service 488 
interface. This is a key requirement for the AIM since requirements for maintenance and other facilities 489 
management functions will vary depending on the facility. The default PostgreSQL database schema 490 
was adopted and extended with additional tables and attributes to allow importing and linking IFC and 491 
COBie data. 492 
A key requirement for the CDE prototype was to enable the development of the AIM and the use of its 493 
information in facilities management using distributed information containers for structured (i.e. 494 
graphical and nongraphical data) and unstructured (i.e. documents) data. Considering this, the CDE 495 
technology architecture and configuration are provided in Figure 9 and Table 7, respectively. A Linux 496 
virtual machine was used for the implementation of the server side systems of the CDE. The operating 497 
system used was Ubuntu 16.04 64bit with 8GB RAM. Openmaint, Alfresco and BIMserver were 498 
deployed in separate Apache Tomcat1 instances. All applications can be accessed through a web 499 
interface. The Openmaint FM application, accessible via a web browser, is the main access point for 500 
the various stakeholders during the operational phase of the built asset, and functionalities of other 501 
applications are accessed through their web-service interfaces. A virtual environment is defined in 502 
Unity game engine to provide real time access to AIM data via web services and Socket.IO.  503 
 504 
 
1 Apache Tomcat is an open-source implementation of the Java Servlet, JavaServer Pages, Java Expression Language and 
WebSocket technologies. Tomcat provides a "pure Java" HTTP web server environment in which Java code can run. 
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Figure 9. CDE technology architecture overview 506 
 507 
 508 
Table 7. CDE configuration details 509 








1.5.81 10.11.0 2017.4.40f1 




8.5 7.0 7.0 n/a  n/a 
 510 
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5.2 Definition and validation of maintenance requirements 511 
AIR definition 512 
A representative use case, focused on preventive and reactive maintenance tasks, was selected for 513 
testing the framework and the CDE prototype. The definition and validation of maintenance 514 
requirements is a prerequisite for the development of an AIM, which accurately represents the 515 
building and can be used as a basis for maintenance planning and other FM tasks. This process is 516 
covered in the definition of AIR, involving the owner, designers and FMs (Figure 5). AIR documents are 517 
stored in digital format in the owner’s EDMS system as part of the CDE. During the construction stage, 518 
the design-build team/contractor will obtain information about specific building products from 519 
manufacturers. Building product data should be provided according to Product Data Templates (PDTs) 520 
to allow referencing in IFC/COBie data drops. The design-build team/contractor uses the Product Data 521 
Sheets (PDS) provided by manufacturers to input data into the IFC/COBie deliverables according to the 522 
AIR. Finally, IFC/COBie deliverables are handed over to the owner who accepts or rejects them based 523 
on the results of the compliance checking process. A process map, describing the sequence of tasks 524 
and information exchanges that occur during the compliance checking process is provided in Figure 525 
10. Various maintenance data requirements were identified, which should be validated during the 526 
handover stage, in order to enable the development of the AIM (Table 8).  527 
IFC and COBie allow the specification of the various operation and maintenance documents that are 528 
needed for the operation of the building. These documents are a key prerequisite for successful 529 
operation of the building, and are needed for the definition and execution of PM and RM tasks.  530 
IFC and COBie enable the specification of the preventive maintenance tasks for the building, using 531 
IfcTask entities and the COBie Job tab. If preventive maintenance tasks are specified in this manner, 532 
the building owner and facility managers can import this information into their CAFM/CMMS system.  533 
‘Asset Renewal’ is a maintenance requirement for building mechanical and electrical (M&E) systems. 534 
In this study, the asset criticality methodology proposed in BS 8544:2013 is adopted for the 535 
classification of critical assets (BSI, 2013). The ‘Asset Renewal’ maintenance requirement is defined as 536 
a custom IFC property set. Its properties are ‘Asset Criticality Ranking’ (ACR), which can be critical, or 537 
non-critical; ‘Percentage of Asset Remaining Life’ as shown by equation (1) (BSI, 2013); and ‘Asset 538 
Renewal’. In this research, this requirement is used to demonstrate how to automatically trigger asset 539 
renewal work orders for the affected assets using a CAFM/CMMS system. 540 
The definition of maintenance requirements follows the IDM methodology, including the definition of 541 
AIR Exchange Requirements (ER) and Exchange Requirement Models (ERM). The definition of the ER 542 
and the ERM for preventive maintenance are described in Table 9. 543 
 544 
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Figure 10. Process map for compliance checking of AIM data sources at the handover stage 546 
Table 8. Overview of data requirements for the maintenance use case 547 
 Requirement name Rule Description Data sources 
Handover Documents At handover, operation and maintenance documents 






At handover, Preventive maintenance activity data must 
be specified in IFC/COBie format in the form of IfcTask 
entities, and available in the COBie Job tab. 
IFC/COBie 
Asset Renewal Determination of Percentage of Asset Remaining Life 
(PARL) is mandatory for critical assets. If PARL is less or 
equal than 20%, asset must be renewed. 
IFC/COBie 
 548 
𝑃𝐴𝑅𝐿 (%) =  
𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑓𝑒
𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑓𝑒




Patacas, J., Dawood, N. and Kassem, M. (2020) ‘BIM for facilities management: A framework and a 





Table 9. AIR Exchange Requirement Model: Preventive maintenance data 553 
Exchange requirements Functional Parts 
Required 
information 
Supplying actor Data 
type 
Entity/Property set/ Functional part 
Task name Owner/Facility 
Manager 






Task type Owner/Facility 
Manager 
Text IfcTask.IfcObject.IfcObjectType::IfcLabel 
Task status Owner/Facility 
Manager 
Text IfcTask.Status::IfcLabel 
Is milestone Owner/Facility 
Manager 
Boolean IfcTask.isMilestone::IfcBoolean 
Task duration Manufacturer Real COBie_Pset_Job.TaskDuration→IFCPropertySing
leValue::IfcReal 
Task frequency Manufacturer Real COBie_Pset_Job.TaskInterval→IFCPropertySingl
eValue::IfcReal 
  554 
AIR validation 555 
Following the definition of ER and ERM, business rules are defined to check if the maintenance 556 
requirements specified by the owner are satisfied by the submitted data drops or information 557 
deliverables. Business Rules are defined through the implementation of BIMserver internal service 558 
plugins using BIMserver’s Java API, allowing complex logic to support a wider variety of Owner and FM 559 
requirements. BIMserver plugins can also connect to external web services and applications, through 560 
web service interfaces. Checking if the required data for preventive maintenance are specified in the 561 
COBie job sheet can be achieved through the execution of a bespoke BIMserver plugin which checks if 562 
the properties are according to the defined rule, and returns the execution results as extended data in 563 
text format. The plugin is executed when a new revision of a COBie dataset is uploaded to the 564 
BIMserver. 565 
An overview of the process and tools used for the validation of asset data using BIMserver plugins is 566 
provided in Figure 11. This process has been detailed further in a related publication (Patacas et al., 567 
2016). 568 
 569 
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  570 
Figure 11. Asset data validation process and tools using BIMserver plugins 571 
 572 
5.3 AIM development 573 
Linking information models, data and documents into facility management  574 
Once the various data sources have been validated against the maintenance requirements, they can 575 
be uploaded into their respective repositories. This is achieved by defining a new BIM project in 576 
Openmaint’s administration interface and uploading the IFC files to a BIMserver instance through 577 
Openmaint’s interface. To link IFC models to the facility management database and import the 578 
required data from the information model according to the previously defined maintenance 579 
requirements, an XML script is defined according to Openmaint documentation (Tecnoteca, 2015). 580 
Additional SQL scripts are defined to retrieve and map the ‘IfcRelContains’ spatial containment 581 
relationships to the facility management database.  582 
This process enables owner/facility managers to import selected or specified data into the facility 583 
management environment according to their requirements and access it through the IFC model viewer 584 
from the facility management web interface. It also assures the quality and compliance of the data 585 
with the AIR. Figure 12 illustrates the interaction between the owner/facility manager, the Openmaint 586 
and the BIMserver applications that enables this process. 587 
Once the information models have been linked to Openmaint and maintenance data has been 588 
imported into the facility management database according to the Owner/ FM requirements, a 589 
maintenance manual can be defined by uploading the various operation and maintenance documents 590 
– as defined in COBie – to the CMIS-compliant EDMS, which can be linked to building assets. The 591 
documents can be uploaded to a CMIS-compliant repository via the CMIS REST web service interface 592 
and can be accessed through Openmaint. To automate this task, a Java client application was 593 
developed to upload all the documents referenced in an IFC model through the 594 
‘IfcDocumentReference’ entity. Figure 13 provides an overview of this process. This process can also 595 
be used throughout the operational phase of the built assets, e.g. every time there is a new COBie data 596 
drop with associated documents.  597 
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Figure 12. UML sequence diagram for the integration of BIM and FM data 599 
 600 
Figure 13. UML sequence diagram for the definition of the ‘building maintenance manual’  601 
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Definition of preventive and reactive maintenance tasks 602 
Once the preventive maintenance activities have been imported, a preventive maintenance calendar 603 
can be generated for a selected period through the execution of the ‘Maintenance Calendar 604 
generation’ workflow in Openmaint. A list of work orders is automatically generated for a given 605 
maintenance calendar through the execution of the ‘Workorder generation’ workflow and their 606 
associated data is stored in PDF format in a CMIS-compliant EDMS. The list of work orders and their 607 
requirements can also be emailed to the ‘Team’ responsible for the preventive maintenance activity.  608 
Figure 14 shows the UML sequence diagram of this process. 609 
The definition of reactive maintenance tasks is also supported by the ‘Workorder Generation’ 610 
workflow. Maintenance requests can be generated manually by the user through the Openmaint web 611 
interface, or automatically, using the Openmaint REST web service interface.  612 
The ‘Asset Renewal’ AIR can be used as a basis for the automated generation of reactive maintenance 613 
tasks. To demonstrate this capability of the framework and the CDE, a Java client application was 614 
developed, which checks the ‘Asset Renewal’ AIR requirements for MEP assets, and generates a 615 
Renewal work order for assets where the ‘Asset Renewal’ parameter is critical. Figure 15 illustrates the 616 
UML sequence diagram of this process. Figure 16 shows an example of how a Reactive Maintenance 617 
work order can be defined. 618 
 619 
 620 
Figure 14. UML sequence diagram for the automated definition of preventive maintenance tasks 621 
 622 
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Figure 15. UML sequence diagram for the automated definition of reactive maintenance tasks  624 
 625 
 626 
Figure 16. Work order details for a reactive maintenance task 627 
5.4 AIM visualisation 628 
Openmaint includes an IFC viewer to visualise the AIM and associated data, however this had several 629 
limitations: the viewer failed to render a large number of IFC entities (only 8868 entities for the MEP 630 
model were successfully rendered, when comparing to a total of 16542 entities using the bimvie.ws 631 
BIMserver plugin). Additionally, typical IFC viewers are not suitable to quickly locate assets and 632 
evaluate their accessibility onsite, which becomes apparent when considering the complexity of the 633 
‘Clinic’ model. Game environments are proposed for the visualisation of the various AIM data sources. 634 
They can provide smooth navigation capabilities and can help in understanding accessibility 635 
requirements for maintenance tasks. The workflow used in this method to provide the visualisation of 636 
the integrated AIM consists of a series of steps, summarised in Figure 17 and described in Table 10. 637 
The Unity game engine was selected for the visualisation of the AIM; however, the underpinning 638 
approach is generic and could be used with alternative game environments or visualisation libraries. 639 
To enable the adequate visualisation of the AIM using a unified interface, the linking of geometric, 640 
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non-geometric, documents and other facilities management data from the different sources of the 641 
CDE was required. The approach requires importing geometric data into the Unity game engine and 642 
attaching non-geometric and documents data to the corresponding game objects as metadata. 643 
When the game is initialised, information about existing maintenance work orders is retrieved from 644 
the CDE and displayed on screen (Figure 18). The interface enables users to dynamically interact with 645 
the objects and access the various sources of associated structured (IFC and COBie data) and 646 
unstructured data (i.e. documents), and display the corresponding FM information based on the space 647 
they are located in. Figure 19 shows COBie space data displayed when the user walks through a space, 648 
and the asset data that is retrieved from the CDE when the user clicks on a critical asset.  649 
In order to provide a suitable user experience, the game was optimised via occlusion culling (i.e. only 650 
rendering what is visible by the camera, instead of the entire model) and light mapping (i.e. generating 651 
static lightmaps for the scene). The game was tested on a laptop machine powered by a Intel Core i7-652 
7700HQ CPU @ 2.80GHz CPU, 16 GB RAM, and a Nvidia GeForce GTX 1050 graphics card, achieving a 653 
steady framerate of 60-80 FPS, using 20-30% CPU power. 654 
The combined use of web services and WebSocket technologies within the game engine ensures that 655 
the virtual environment is always synchronised with the data in the CDE. This approach can also be 656 
extended to include data from other data sources.  657 
 658 
Figure 17. IDEF0 diagram for AIM visualisation 659 
Table 10. Activity description for AIM visualisation process 660 
Task code Description 
A3-5-1 Set up a new scene in the Unity game engine including the Socket.IO and BIMconnect 
Unity packages.   
A3-5-2 Import the geometry from the BIM model in Collada format through BIMserver’s service 
interface. Fix geometry errors within the Unity editor or using an external design tool. 
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A3-5-3 Configure access to structured and unstructured data of the AIM. Structured BIM data is 
retrieved through BIMserver web service interface; FM and Documentary data is 
retrieved using the Socket.IO library. 
A3-5-4 Assign mesh colliders to the model’s game objects to enable navigation and interaction 
with the model. Depending on the size of the model, individual colliders might have to 
be simplified to improve performance. 
Attach structured BIM data and documents to game objects as metadata through the 
definition of scripts in Unity. 




Figure 18. Displaying maintenance work order data in Unity 664 
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Figure 19. Displaying COBie space data and asset documents in Unity 666 
6 Validation  667 
The validation was performed with 11 experts from industry and academia. It involved live 668 
demonstrations of the CDE followed up by discussions of the framework and the CDE’s usability and 669 
functionalities. In particular, the focus was on validating the framework components and the CDE 670 
capabilities in the development, management and visualisation of AIMs, in the context of preventive 671 
and reactive maintenance tasks.  672 
The decision to perform two stages of validation and interviews is consistent with the research design, 673 
as it ensured the co-evolution of the requirements model and the developed CDE through an iterative 674 
process. One development iteration was also undertaken considering feedback from the first round of 675 
interviews, to improve the CDE functionalities, which are demonstrated in the final form of the pilot.  676 
The profile of the experts involved in the two rounds of validation is described in Table 3.  Open-ended 677 
interviews were adopted during these validation rounds due to their flexibility in enabling the 678 
discussion to be adapted to each participant’s field of expertise, and to obtain feedback on each of the 679 
framework components and CDE functionalities.  680 
The data analysis adopted for the validation followed the same approach adopted for the 681 
requirements capture described in Section 4. The feedback from discussions is collated in detail in 682 
Tables 11, 12 and 13 for the CDE and AIM requirements, the owner requirements definition, and the 683 
owner requirements validation, respectively. It is clear from Tables 11, 12 and 13 that the feedback 684 
about the framework and its components was satisfactory as the industry experts thought that most 685 
the requirements were either fully (denoted with ‘Yes’) or partially achieved. However, both new 686 
requirements and areas for improvement emerged from the discussions and were addressed in the 687 
subsequent development iteration.  688 
The aspects to improve according to the experts are related to the usability of the prototype CDE and 689 
the need for streamlining the processes of requirements definition and validation, and data 690 
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management of the AIM. Following the same coding approach used to develop the initial requirements 691 
model, a number of features were proposed to address these improvement aspects. These included 692 
improved integration between the AIM’s data and the visualisation of the 3D model, the development 693 
of a mobile interface to enable access to the CDE on site, and support of additional data sources.  694 
Figure 20 provides the updated requirements model. The added requirements representing new CDE 695 
functionalities are represented in italic.   696 
Table 11. Validation of framework requirements: CDE & AIM 697 
CDE & AIM requirements Achieved Details 
AIM schema definition Yes It is possible to fully customise the AIM schema using the 
administration tools in Openmaint. 
AIM data integration Yes Integration of structured and unstructured data sources 
for the AIM using IFC, COBie and CMIS standards. 
Building portfolio management Yes The facilities management environment (e.g. Openmaint) 
allows the management of multiple buildings within the 
same interface. 
COBie-based AIM management Yes It is possible to develop an AIM with the proposed CDE 
using solely structured and unstructured based on the 
COBie standard. 
Preventive maintenance (PM) 
and reactive maintenance (RM) 
tasks definition 
Yes The prototype CDE enables importing PM task 
information from COBie, and automatic definition of RM 
tasks based on key parameters (e.g. Asset Criticality 
Rating). 
AIM visualisation: Interaction 
with 3D model to retrieve AIM 
data from various sources 
Yes Through the use of the virtual environment (e.g. Unity 
game engine), it is possible to navigate and interact with 
the 3D model of the AIM and retrieve its associated 
maintenance and other FM data. 
AIM visualisation: retrieve 
associated maintenance data 
directly from the FM 
environment 
No Improvements to the IFC viewer in Openmaint could be 
used to provide this functionality. 
Standards-based Interoperability Yes Standards-based interoperability using IFC, COBie and 
CMIS. 
AIM data maintenance Partially Currently, the processes for importing and managing the 
AIM data are not completely automated. These 
processes can be automated in the future, using the 
CDE’s web service inventory to ensure that all the AIM 
data sources are relevant and up to date. 
Use of classification systems Yes The CDE requires the use of classification systems for the 
definition of maintenance tasks. Owners will need to use 
the same classification system across the building 
portfolio to enable cross estate queries based on 
classification. 
Handover (PIM to AIM) Yes Demonstrated through the development of the pilot 
studies. 
Change of ownership (AIM to 
AIM) 
No Further developments are needed to support this 
process within the prototype CDE. The use of open 
standards and the proposed structured definition and 
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validation of requirements will play a fundamental role in 
the process. 
FM and maintenance workflow 
customisation 
Partially It is possible to define custom workflows using the 
facility management environment (e.g. Openmaint). 
However, the owner will need technical support to 
achieve this. 
CDE access customisation Yes Access rights to the AIM data can be configured for 
different users through the facility management 
environment (e.g. Openmaint) administration tool. 
Supporting additional AIM data 
sources 
No The integration of the AIM along with other external 
data sources can be achieved using web services. 
Mobile interface No Since the proposed CDE is composed of web-based 
systems, a dedicated mobile interface can be developed 
to achieve this requirement. 
Table 12. Validation of framework requirements: owner requirements definition 698 
Owner requirements definition Achieved Details 
Structuring FM and 
maintenance requirements 
Yes The owner’s facility management requirements, 
including maintenance requirements, are structured 
using the IDM methodology. 
Specifying data requirements for 
various structured and 
unstructured AIM data sources  
Yes While the IDM methodology was defined to specify 
requirements using IFC, it can be used to specify 
requirements in other data sources, including future 
data sources to be identified (e.g. semantic web 
data sources). 
Enabling building owners to 
specify their requirements 
Partially Building owners will need expert support to translate 
their requirements into IDM, or other structured 
formats. 
 699 




Translation of owner 
requirements into 
Business rules 
Yes The requirements defined using IDM are coded as business rules 
in bespoke BIMserver plugins, which are then used to validate 
the various data sources of AIMs. 
Compliance checking of 
the AIM data sources 
against owner 
requirements 
Yes An instance of BIMserver is used to store the IFC and COBie data. 
Bespoke BIMserver plugins are used to verify the AIM data 
sources against the owner's requirements, ensuring the validity 
of the AIM during its development and management processes. 
Enabling building owners 
to validate their 
requirements 
Partially Further developments are needed to simplify, or abstract the 
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Figure 20. Updated requirements model for the proposed framework and CDE (additional requirements in 704 
italic) 705 
7 Research contribution and limitations 706 
This research generates theoretical and technical contributions to the BIM for FM field as well as a 707 
methodological contribution. Both the theoretical and technical contributions concur to improve the 708 
understanding of the information management lifecycle from the perspective of facilities 709 
management, including definition, production and validation of AIMs and their use in operation and 710 
maintenance. The requirements and the detailed processes for defining, validating and using AIM in 711 
operation and maintenance are lacking in both the BIM for FM academic literature and industry 712 
standards. The methodological contribution stems from the adoption of a methodological approach 713 
combining the design science research methodology with the grounded theory method. The use of the 714 
grounded theory method across the requirements gathering and validation stages complemented the 715 
iterative approach offered by the design science research methodology, which provided the necessary 716 
theoretical guidance through the various steps of problem definition, artefact development, 717 
demonstration and validation. Indeed, the complementary use of these two methods together is still 718 
limited in existing studies, despite its critical role in information systems research – i.e. enabling the 719 
development of substantive theory entailing relationships between the IT artefact, human behaviour 720 
(i.e., people), and the organisation (i.e., tasks) (Gregory, 2011). 721 
From a theoretical perspective, this research contributed to the existing knowledge by: a) identifying 722 
a set of key requirements for the development and management of AIMs that can be used as a basis 723 
for FM and maintenance functions, and b) through the design of a framework for the development 724 
and management of AIMs to fulfil the identified requirements. Also, the research contributes to the 725 
CDE process defined in PAS 1192 and ISO 19650, by identifying the requirements that need to be 726 
considered for their implementation using web-stored integrated electronic information with fully 727 
automated connectivity, i.e. ‘BIM level 3’, which according to BSI (2014b) is the information 728 
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management context that will underpin future collaboration and information management processes 729 
in the construction sector. 730 
The prototype CDE for the development and management of AIMs, which provides the instantiation 731 
of the proposed framework, constitutes the technical contribution of this research. The CDE prototype, 732 
by combining the use of open standards, standard data transfer and communication protocols, and 733 
existing tools, successfully enabled the development of AIMs which can be used as a basis for the 734 
definition and execution of preventive and reactive maintenance tasks. The framework and the 735 
proposed CDE also represent an advancement compared to current collaboration and information 736 
management approaches that are adopted in practice and in industry standards (such as those enabled 737 
by ‘BIM Level 2’ and sustained by standards such as the ISO19650 series or the UK PAS 1192 series). A 738 
file-based approach presents challenges to the effective development and use of the AIM such as 739 
verification and validation of its data (Benghi, 2019) and its use in facilities management (Farghaly et 740 
al., 2018). The framework and CDE presented in this paper addressed these challenges by enabling the 741 
development and management of the AIM from structured (i.e. IFC and COBie models) and 742 
unstructured (i.e. documents) data sources. Finally, the implementation of a service-oriented 743 
architecture in the development of the CDE ensures flexibility and scalability, which can be used to 744 
incorporate the additional requirements that were identified during the validation activities of the 745 
research. 746 
This research is affected by some methodological and technical limitations. Methodologically, the 747 
framework and the CDE were evaluated with industrial data but not in real life projects. Future 748 
research should address this limitation by conducting the evaluation of the proposed framework and 749 
CDE in real world projects in order to evaluate the impact of the ‘organisation’ aspect (e.g. data 750 
gathering limitations, usability testing, etc.). The technical limitation is that this research posed the key 751 
requisite of having structured information in certain formats in order to implement the compliance 752 
checking procedures against data models. Translation of requirements into a structured format that 753 
can be used for rule checking is a challenging process that currently requires the input of experts. 754 
Future research should focus on how to perform this process independently. 755 
8 Conclusions 756 
This research identified a number of gaps within the BIM for FM domain which included: the lack of a 757 
framework that addresses the entire BIM for FM workflow; limited applications of compliance checking 758 
methods in the BIM for FM domain; limited use of open standards for the data sources required for 759 
the operational phase; and the lack of a CDE that can validate and assemble the required structured 760 
(i.e. graphical and non-graphical) and unstructured (i.e. documents) data for maintenance and 761 
operations, and enable its use in facilities management activities. 762 
Using open standards and existing technologies, a framework and a prototype CDE were developed to 763 
address key processes of information management involved in BIM for FM. These included: the 764 
structured definition of information requirements for facilities management (e.g. maintenance); the 765 
validation of information deliverables against the established requirements; and management and 766 
visualisation of built asset data at the operational phase. The requirements model, which is at the core 767 
of the framework and the prototype CDE, was developed according to the combined grounded theory 768 
and the design science research methodologies – with industry experts and through a three-stage 769 
coding process performed at each iteration. The framework’s processes and the prototype CDE were 770 
successfully demonstrated in pilot projects and showed that AIMs can be developed and managed 771 
Patacas, J., Dawood, N. and Kassem, M. (2020) ‘BIM for facilities management: A framework and a 





using disparate data sources that can be integrated and synchronised via standard communication 772 
protocols such as web service interfaces. This proposed data integration approach can also 773 
accommodate additional data sources for AIMs if required by the owner/FM. The pilot projects were 774 
used in live demonstrations with experts in two stages of validation. The analysis of the primary data 775 
gathered in the validation sessions, built upon the initially identified requirements, resulting in a 776 
comprehensive list of requirements for the development and management of AIMs. The results of the 777 
validation sessions also indicated that the key processes of the proposed framework have been 778 
achieved. The framework and the prototype CDE successfully enabled the development of the AIM by 779 
capturing and managing the required data from various distributed sources, and supported its use in 780 
operation and maintenance (i.e. automatic launch of preventive maintenance work orders and 781 
provision of the required information to support the maintenance tasks). Additional requirements for 782 
the development and management of AIMs were identified during the validation sessions. These 783 
included the need to address the ‘change of ownership’ (AIM to AIM), and ‘major works’ (AIM to 784 
Project Information Model) processes outlined in PAS 1192-3 (BSI, 2014b); and to integrate additional 785 
external data sources, such as data related to energy management and other facilities management 786 
application areas. As an improvement to the proposed CDE, future developments should also address 787 
the integration of BIM data and external asset data sources using Semantic Web standards and Linked 788 
Data in the development and validation of the AIM. 789 
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